ABSTRACT Background: The controversy that iodized salt may increase the risk of thyroid disorders has arisen in China during the past several years.
INTRODUCTION
Thyroid nodule is a common disease and is found clinically in 4-8% of cases (1) . Most thyroid nodules are benign, but cancer suspicion should be considered in the presence of any thyroid nodule, because 5%w6.5% may be malignant (carcinomas) (2) . Moreover, thyroid nodule may lead to a variety of clinical sequelae, including compressive symptoms, hoarseness and dysphagia, and cancer (3) (4) (5) (6) .
Iodine is an essential trace element required for the normal activity of thyroid hormones, including thyroxine and triiodothyronine. Clinical and subclinical manifestations of iodine deficiency, termed iodine deficiency disorders (IDDs) 5 , affect all stages of human life and are characterized by a variety of conditions. In particular, IDD in pregnant women may lead to severe consequences for the fetus, such as mental retardation. The Universal Salt Iodization (USI) program was launched in 1995 in China to prevent IDD. The program directly resulted in a dramatic decrease in the prevalence of goiter. However, endocrinology experts in China subjectively perceive that the number of patients with thyroid disorders, such as thyroid nodule, thyroid cancer, and hyperthyroidism, also dramatically increased during the same period, especially in coastal areas of China. Many related experts hold the point of view that iodine intake has been excessive among the Chinese population. According to the guidelines of the WHO, UNICEF, and the International Council for Control of Iodine Deficiency Disorders (7), a urinary iodine excretion concentration of 200 to 299 mg/L and .300 mg/L is defined as adequate iodine and excessive iodine, respectively. However, as Teng et al (8) reported, Chinese individuals with adequate and excessive iodine intake accounted for only 0.2% and 0.5% in the whole population, respectively. Consequently, a fierce debate regarding whether it is scientific and necessary to keep launching the USI program throughout China has been aroused (9) (10) (11) (12) (13) . Therefore, it is extremely important to understand modifiable risk factors related to thyroid nodule, especially the association between iodized salt and thyroid nodule. In addition, several study groups (14, 15) observed that milk had a significant influence on urinary iodine concentrations (UICs), which suggests that milk with a high concentration of iodine might have partly improved iodine intake.
The aim of this study was to explore whether iodized salt is associated with an increased risk of thyroid nodule and to evaluate the effects of milk consumption on the prevalence of thyroid nodule. Furthermore, we examined the joint association between iodized salt and milk consumption on the risk of thyroid nodule among Chinese adults.
SUBJECTS AND METHODS

Population features
This study was conducted in Hangzhou, Zhejiang province, China, which is located in the eastern part of China. This city covers 8 districts and 5 counties. There are 8.7 million residents in Hangzhou city; 73.25% of them live in urban areas and 26.75% in rural areas. This study was designed to be representative of civilians from Hangzhou and includes information collected regarding their demographic characteristics, health status, iodine intake, and thyroid diseases. From March to October 2010, a total of 12,438 eligible individuals were recruited from Hangzhou: 9412 adults and 3026 children.
Subjects and study design
The study participants were recruited based on the following strategy: 1) 3 subdistricts or towns were selected randomly from the 8 districts and 5 counties in Hangzhou city (except the Binjiang district), respectively, which resulted in a total of 36 subdistricts or towns; 2) one community or village was randomly selected from each subdistrict or town; and 3) 100 households from each community or village were randomly selected. Finally, 3600 households were recruited for interview. Family members from each household were chosen based on the following criteria: 1) age $6 y and 2) lived for $5 y at their current residence. The exclusion criteria were as follows: 1) coronary angiography or endoscopic retrograde cholangiopancreatography within the past 6 mo, 2) use of the drug amiodarone, and/or 3) abnormal kidney function or serious illness. Only data for the adult participants ($18 y) are included in this report.
The eligible family members from the selected households were convened at the administration center of each village or community. Researchers introduced the study protocol and obtained written informed consent from each participant. An interview schedule was established that included all participants. The study protocol was approved by the Institutional Review Board of Hangzhou Center for Disease Control and Prevention. The surveys were carried out by well-trained personnel, including community clinic physicians, nurses, and public health doctors.
Collection of epidemiologic data and specimens
Participants were invited to the local community health center before 0800 after fasting overnight for 8 h. First, each participant provided a 10-mL spot urine sample, and 5 mL venous blood was collected by using a vacuum blood collection tube. Second, participants were interviewed face-to-face by well-trained investigators from Hangzhou's Center for Disease Control and Prevention by using a structured questionnaire. The questionnaire covered information about demographic characteristics and health status, including sex, age, nationality, physical activity, lifestyle, dietary habits, and personal or family history of thyroid disease (including time of diagnosis). Furthermore, information about type of salt, salt appetite, and milk consumption was defined by using the following items: 1) the question "Currently, which type of salt is consumed in your family?" was used to collect information about type of salt used in the household, and 3 responses for this item were provided: only iodized salt, noniodized salt, or both iodized and noniodized salt; and 2) the question "How about your appetite?" was used to evaluate salt appetite, and 3 options were provided: salty, moderate, or light. Consuming milk #1 time/wk was defined as no milk consumption, and consuming milk $2 times/wk was defined as milk consumption.
Measurement of iodine concentration
For each household, a 50-g table salt sample and 50-mL drinking water sample were collected, sealed, and stored at room temperature and kept out of light until they were measured. The concentrations of iodine in the salt and drinking water were measured by using the colorimetric titration method and spectrophotometric method, respectively.
The collected urine samples were transferred in tightly capped plastic tubes. Samples were stored in a refrigerator before they were transferred to the laboratory, where they were stored at 2188C until used. UICs were measured by using arsenic cerium Anthropometric and physical examination data were obtained from each participant. Weight and standing height were measured by using standardized methods. BMI was calculated as weight (kg)/height (m) 2 . The thyroid was examined ultrasonographically to detect thyroid nodules by using Sonoline Versa Pro (Siemens) with a 7.5-MHz, 70-mm linear transducer (effective length: 62 mm).
Definition of variables
Dietary pattern was classified into 3 groups: vegetarian, meat, and moderate; vegetarian was defined as mainly consuming vegetables; meat was defined as mainly consuming meats; and moderate was defined as preferring both vegetables and meats. UIC [median (IQR)] in subjects who consumed iodized salt, noniodized salt, or both were found to be 174.0 (109.0, 265.1) mg/L, 118.0 (67. 1, 190 .0) mg/L, and 131.0 (81.0, 213.0) mg/L, respectively. Because UICs were similar between subjects who consumed noniodized salt and those who consumed both salts and because both the group that consumed noniodized salt and the group that consumed both salts had a small sample size, the type of salt classification was further reduced to 2 groups: iodized salt and noniodized salt; the noniodized salt group included subjects who intermittently consumed iodized salt or consistently consumed noniodized salt.
Statistical analysis
The categorical and continuous variables are presented as percentages and means 6 SDs, respectively. In addition, the categorical and continuous variables were compared between subjects with and without thyroid nodules by using chi-square and t tests, respectively. Because urinary iodine had a non-normal distribution, UICs are expressed as medians and IQRs; a Wilcoxon's test was then used to assess differences in UICs. The adjusted associations of urinary iodine concentration, type of salt, salt appetite, and milk consumption with thyroid nodules were estimated, respectively, by using mixed logistic regression models stratified by sex and resident location. In addition, the joint associations between type of salt and milk consumption and urinary iodine and milk consumption on iodine deficiency (UIC ,100 mg/L) were also analyzed in the pooled sample and 2 sexes, respectively. The associations of urinary iodine concentration, type of salt, salt appetite, and milk consumption with thyroid nodules were repeatedly examined between the subjects without a diagnosis of thyroid diseases to exclude for potential bias from patients with a diagnosis of thyroid diseases. To account for the correlation of members in the same household and participants within the same town/district, we used mixed models to calculate robust estimates of variance.
The following variables were selected as covariates in the models of thyroid nodule risk: age, BMI, educational level, marital status, resident location, cigarette smoking, alcohol drinking, salt appetite, types of salt, dietary patterns, and milk consumption. Likewise, deletion was used to address the missing data in the model. Age was categorized into 5 ranges in the model: 18-29, 30-39, 40-49, 50-59, and $60 y. A value of P , 0.05 was considered statistically significant. All statistical analyses were performed by using SAS 9.1 (SAS Institute).
RESULTS
The distribution of general characteristics in the 2 groups
The prevalence of thyroid nodule was 30.0% for all adults. Women (34.7%) had a higher prevalence of thyroid nodule than did men (24.1%). The prevalence of thyroid nodule was more common among those living in an urban area (36.1%) than in a rural area (25.9%). Compared with subjects without thyroid nodule, those with thyroid nodule were older, were more likely to be women, were less likely to be a current smoker or alcohol drinker, and had a lower educational level, lived in an urban area, and drank less milk. Likewise, subjects with thyroid nodule were more often vegetarian, had a light salt appetite, and were more likely to consume noniodized salt (all P , 0.05) ( Table 1) .
Associations between iodized salt, salt appetite, milk consumption, and thyroid nodule
We estimated the associations between iodized salt, salt appetite, and milk consumption and thyroid nodule ( Table 2) .
Noniodized salt (OR: 1.36; 95% CI: 1.01, 1.83) and light salt appetite (OR: 1.19; 95% CI: 1.03, 1.37) were individually associated with an increased risk of thyroid nodule among all adults. Similar associations were observed in men and women, respectively; however, the association was significant only for light salt appetite in women (P = 0.022) and not significant in men (P = 0.215); the significant association for type of salt was not observed in women (P = 0.095) or men (P = 0.345). A significant relation was not found between milk consumption and thyroid nodule. Among subjects without a diagnosis of thyroid diseases, similar associations of iodized salt, salt appetite, and milk consumption with thyroid nodule were observed (see Supplemental Table 1 under "Supplemental data" in the online issue).
Joint effect between milk consumption and type of salt on risk of thyroid nodule
We further examined the joint effect between milk consumption and type of salt on the risk of thyroid nodule ( Table 3) . Compared with subjects who consumed both iodized salt and milk, those who consumed neither iodized salt nor milk had a greater risk of thyroid nodule among the pooled sample (OR:
, and women (OR: 1.83; 95% CI: 1.11, 3.03); however, this association was not significant in men. However, the subjects who consumed either iodized salt or milk did not have a higher risk of thyroid nodule among the pooled samples, men, or women.
Iodine status and the association between urinary iodine and risk of thyroid nodule
The distribution of UICs in the study population is shown in Figure 1 . Iodine deficiency (UIC ,100 mg/L) was observed in 23.7% of the adults: 24.5% in an urban area and 23.2% in a rural area. In addition, 18.0% of adults showed excessive iodine intake (UIC $300 mg/L). A comparison of UICs is shown in Table 4 . The median UIC was 172.6 mg/L (IQR: 107.0w264.0 mg/L) among adults. The subjects with thyroid nodule were women, lived in an urban area, consumed noniodized salt, had a light salt appetite or consumed milk and had lower UICs (all P , 0.05).
The association between UIC and risk of thyroid nodule is shown in Table 5 . After adjustment for potential covariates, compared with those with normal urinary iodine, subjects with low UICs had an increased risk of thyroid nodule (OR: 1.25; 95% CI: 1.07, 1.45); however, subjects with a high or excessive UIC did not have an increased risk of thyroid nodule. Separate analyses were performed for urban and rural subjects. Similar associations were observed among rural and urban participants. However, when sex was used as a stratified variable, a significant association between low urinary iodine and risk of thyroid Table 2 under "Supplemental data" in the online issue).
Furthermore, the association between thyroid function and thyroid nodule was estimated. No significant association was found between thyroid nodule and hyperthyroidism after adjustment for sex, age, place of residence, smoking, alcohol drinking, salt appetite, types of salt, and dietary patterns (OR: 1.14; 95% CI: 0.42, 3.09) (see Supplemental Table 3 under "Supplemental data" in the online issue).
DISCUSSION
The findings from this study indicate that adults who consumed noniodized salt or had low UICs had an increased risk of thyroid nodule. More importantly, subjects who consumed noniodized salt had a lower UIC and an increased risk of thyroid nodule. We found that 23.7% of adults had iodine deficiency, despite the mean iodine intake being appropriate for the study population. Meanwhile, when adults consumed noniodized salt and did not drink milk, they were also susceptible to thyroid nodule. Overall, our findings indicate that low iodine concentrations may increase the risk of thyroid nodule; therefore, the USI program may be of value to this population.
The associations between type of salt, salt appetite, and milk consumption and thyroid nodule were estimated among Chinese adults in our study. Our data show that noniodized salt increased the risk of thyroid nodule, especially among women. Likewise, light salt appetite was associated with an increased risk of thyroid nodule in all adults, but was not statistically significant in men.
These results were further confirmed by associations found between UIC and thyroid nodule. The subjects who consumed noniodized salt or preferred a light salt appetite had lower UICs. This relation was consistent with findings that low urinary iodine is associated with an increased risk of thyroid nodule. This finding also was very similar to the findings reported by Rasmussen et al (17) , Gutekunst et al (18) , and Takahashi et al (19) . A low UIC was associated with an increased risk of thyroid nodule among adults, despite whether they were urban or rural residents, which suggests that iodine deficiency should be given more attention in FIGURE 1. Distribution of UICs in the study population. In the study population, 23.7% of adults were iodine deficient (,100 mg/L), 36.4% of adults had a normal iodine intake (100 to ,200 mg/L), 21.9% of adults had a high iodine intake (200 to ,300 mg/L), and 18.0% of adults had an excessive iodine intake ($300 mg/L). UIC, urinary iodine concentration. 3 Iodized salt indicates that subjects consistently consumed iodized salt; noniodized salt indicates that subjects intermittently consumed iodized salt or consistently consumed noniodized salt. both urban and rural areas. The association of UIC and thyroid nodule confirmed the important influence of low iodine on the risk of thyroid nodule. As previously reported (20) , the main factor responsible for iodine deficiency is a low dietary supply of iodine. A total of 74.4% of the UICs measured in the adults who participated in our study came from iodized salt (21) . Hence, iodine deficiency may be a major risk of thyroid nodule in Hangzhou city, and supplementation with iodized salt still remains necessary for this Chinese population.
In addition, neither high nor excessive iodine concentrations were related to a higher risk of thyroid nodule among this study population in either men or women. It is well known that excessive intake of iodine may induce thyroid disease, but most thyroid diseases documented in previous studies were determined by thyroid dysfunction, such as hyperthyroidism, hypothyroidism, and autoimmune thyroiditis (8, (22) (23) (24) . However, most participants with thyroid nodules were clinically euthyroid, and ,1% of the nodules caused hyperthyroidism or thyrotoxicosis (25) . Regrettably, there are no current studies on the associations between excessive iodine intake and thyroid nodule in an adult population, based on a systematic review in 2012 (26) . Although, one study found that the prevalence of multiple thyroid nodules decreased from 25.51% to 12.99% with increasing UICs, which indicates a clear downward trend (P , 0.01) (27) . This finding indirectly indicates that iodine deficiency could increase the risk of thyroid nodule and supports our findings that noniodized salt intake is associated with a risk of thyroid nodule.
Analogously, as shown in other studies, thyroid nodules are more common in women than in men (28) (29) (30) (31) (32) . In a Chinese population, women were more susceptible to thyroid nodule than were men (OR: 2.809; 95% CI: 2.444, 3.228) (27) . Similarly, in our study, a significant association between low UIC and risk of thyroid nodule was observed only in women. We also found that salt appetite was associated with an increased risk of thyroid nodule and was significant only among women. Together, our data further confirm the suggestion that women show a higher prevalence of thyroid nodule than do men and that women are more susceptible to thyroid nodule. Also, as shown in some studies in a Chinese population, the prevalence of thyroid nodule among those living in urban areas was higher than that of those living in rural areas (33, 34) . The detection rate of thyroid nodule was highest in urban areas (29.8%), followed by suburban (23.3%) and rural (20.3%) areas in Zhejiang province (21) . In our study, lower UICs and a higher prevalence of thyroid nodule were observed among those living in urban areas. The associations between UIC and risk of thyroid nodule that we found were very similar among those in the pooled samples, and no large differences between urban and rural populations were found. These findings suggest that iodine deficiency may lead to a steady risk of thyroid nodule regardless of area of residence.
It has been reported that milk is one of the most significant sources used to increase iodine intake in China and other countries (14, 15, (35) (36) (37) (38) . In this study, a significant relation was not observed between milk consumption and thyroid nodule. Although, we did find that when adults consumed neither iodized salt nor milk, they were also susceptible to thyroid nodule. Correspondingly, subjects who consumed either iodized salt or milk did not have a higher risk of thyroid nodule. More importantly, subjects who consumed noniodized salt were found to have a urinary iodine deficiency regardless of their milk consumption. Our results indicate that milk may have a small effect on iodine intake in Hangzhou and that iodized salt is still the main dietary source of iodine among adults. A previous study reported a mean daily iodine intake from milk of 1.2 mg, which accounted for only 0.4% of urinary iodine (21) . Consequently, it appears clear that the USI program is still indispensable for a coastal Chinese population, such as that living in Hangzhou.
Considering the potential selection bias introduced by subjects with thyroid problems, we reevaluated the associations of iodized salt, salt appetite, and milk consumption with thyroid nodule after excluding subjects with diagnosed thyroid disease (see Supplemental Tables 1 and 4 under "Supplemental data" in the online issue). Our analyses showed that the associations were very similar to our findings before subjects with a diagnosis of thyroid diseases were excluded; hence, the relation between iodine deficiency and an increased risk of thyroid nodule remained stable.
Why did some residents consume noniodized salt under USI conditions? The USI program was launched in 1995 in China to prevent IDD. As a result, the household use of iodized salt increased from 80.2% in 1995 to 94.9% in 2005 (9) . However, noniodized salt is still supplied in some markets. Moreover, many local salt plants produce coarse salt, which makes it customary for noniodized salt to appear in Hangzhou households. Meanwhile, because Zhejiang province is a coastal region, residents there have the point of view that, because they have more access and opportunity to consume seafood with sufficient iodine, they should never suffer from iodine deficiency; thus, they prefer to use noniodized salt. This viewpoint has been confirmed by another study-Knowledge, Attitude and Behavior of USI-in Hangzhou city (W Xu, J Wang, Y Huang, L Wang, X Jin, S Zhu, unpublished observations, December 2010). Their results showed that, among subjects consuming noniodized salt, 76.14% thought that they were iodine sufficient, whereas 5.50% of them had thyroid problems. A similar study conducted in Nanjing showed that 47.4% of participants used noniodized salt because of their opinions regarding iodine sufficiency and 5.3% because of thyroid problems (39) . Most persons taking noniodized salt in Hangzhou thought that the seafood consumed or the Hangzhou environment itself provided sufficient iodine for the human body. However, this is not quite true. In fact, our previous study showed that environmental iodine in the study area was deficient (,10 mg/L) (21, 40) and that 74.4% of urinary iodine in Hangzhou adults came from iodized salt (21) . These data may explain why 23.7% of adults were still iodine deficient (UIC ,100 mg/L) in our study population.
Our study had some limitations. The number and mass of thyroid nodules were not recorded during our investigation. Thus, the association between iodized salt and number and mass of thyroid nodules could not be analyzed, which is information that may have been able to reveal the extent of influence that iodized salt has on the development of thyroid nodules. In addition, because a classification of thyroid nodules was not included, there was no way to ascertain the different associations between iodized salt and different kinds of thyroid nodules. In addition, other thyroid diseases were not included in the current analyses. This may have distorted the associations between iodized salt and thyroid diseases. Likewise, the small sample size of individuals consuming noniodized salt may also have been a limitation. In addition, the use of spot UIC to reflect individual iodine nutrition may not have been entirely appropriate, although it is generally impracticable for a large-scale population study to collect 24-h urine samples. A spot UIC is commonly used as a criterion for assessing and monitoring the iodine status of populations (41) , and many iodine-related studies in human populations have used a single urine sample to evaluate iodine status (17, 20, (42) (43) (44) . In addition, other studies have shown that one spot UIC is highly related to concentrations found using mean UIC from urine specimens collected at different time points (45) . Furthermore, we did not use spot UIC as the criterion of iodine status. We just repeated the associations of types of salt and salt appetite with risk of thyroid nodule. Certainly, these associations of iodized salt with thyroid nodules have to be confirmed in further studies. Finally, the question "how about your appetite?", which was used to evaluate the salt preference of subjects, may not have been objective. However, a previous study indicated that salt taste preference is a personal characteristic and may eventually be a practical way to evaluate who eats more salt (46) . This question ("how about your appetite?") also has been generally used to indirectly evaluate salt intake in hypertension research (47, 48) and other studies (49) (50) (51) . Furthermore, it was confirmed that the responses to this question were highly correlated with salt intake (51, 52) . In addition, Yang (53) found that answers to this question were significantly associated with the salt taste sensitivity threshold score in China. The salt taste sensitivity threshold is a useful index for evaluating salt preference. Moreover, considering the potential bias, we compared the UICs of subjects who indicated a preference for light salt, moderate, or salty flavors. We found that UICs increased according to salt appetite, from light to salty (Table 4) . Therefore, the question "how about your appetite?" may adequately represent the salt intake of the subjects included in our study population and can be considered an acceptable indicator for evaluating their salt appetite.
Our data indicate that coastal adults who consumed noniodized salt had an increased risk of thyroid nodule, especially for women. The UIC not only supported the finding that noniodized salt conferred an increased risk of thyroid nodule, but also showed that high and excessive iodine intakes were not related to the risk of thyroid nodule. Furthermore, iodized salt was identified as the main resource of iodine in this coastal population, even though other thyroid diseases were not investigated in this study. Hence, a USI program may be indispensable for this coastal Chinese population.
